The handgrip strength test is widely used by clinicians; however, little has been investigated about its reliability when used in subjects with Parkinson disease (PD). The purpose of this study was to investigate the test-retest reliability of the handgrip strength test for subjects with PD. Methods: The PD group consisted of 15 patients, and the control group consisted of 15 healthy subjects. Each patient performed 3 pain-free maximal isometric contractions on each hand on 2 occasions, 1 week apart. Intraclass correlation coefficient (ICC), standard error of measurement (SEM), and 95% limits of agreement (LOA) were calculated. The 2-way analysis of variance (ANOVA) was conducted to determine the differences between sides and groups. Results: Test-retest reliability of measurements of grip strength was excellent for dominant (ICC = 0.97; P = .001) and non-dominant (ICC = 0.98; P = .001) hand of participant with PD and (ICC = 0.99; P = .001) and (ICC = 0.99; P = .001) respectively, of healthy group. Conclusions: The Jamar hand dynamometer had fair to excellent test-retest reliability to test grip strength in participants with PD.
Introduction
Handgrip strength has been found to be a predictor of health status overtime. Individuals with weaker grip are more susceptible to poorer health and have increased difficulty when performing activities of daily living. 6, 10, 14 Because decreased grip strength can predict risk of poor health in advanced age, it is important to determine the reliability of the measurement tool for normal subjects as well as those with different disease states. 4, 5, 9, 14, 15 Cheng et al suggest that handgrip strength may be a more useful marker of multimorbidity than chronological age in men. 4 Grip strength reliability has been performed on subjects with a variety of diagnoses including rheumatoid arthritis (RA) 9 carpometacarpal osteoarthritis, 15 symptomatic individuals, 5 forearm tendinitis, 14 and disabled women. 11 Parkinson disease (PD) prevalence increases steadily with age. 12 It is more common in the elderly population and can affect as many as 1903 person out of 100 000 individuals over the age of 80 years. 12 Many patients with PD undergo rehabilitation procedures in an attempt to slow the progression of the disease and control symptoms. It is important to determine the reliability of grip strength assessment in this population. Also important is to determine what change in grip strength indicates that true change has occurred and the change is not due to measurement error. This information allows clinicians to document important changes in grip strength to help determine the effectiveness of therapeutic interventions. The reliability of the measurement of grip strength is essential for satisfactory data collection for consistent interpretation of the results. In particular, test-retest reliability is clinically important for correct assessment of follow-up results. Good test-retest reliability enables comparisons to be made over a period of time. Reliable results allow the professional to reach conclusions that are minimally affected by external factors, thereby reducing the chances of error. Therefore, the purpose of this study was to investigate the test-retest reliability of the handgrip strength test in subjects with PD.
Methods

Design
This was a prospective observational cross-sectional study.
Participants
A convenience sample of 30 subjects, between the ages of 50 and 90 years, was recruited for the study from the department of physical therapy from June 2014 to October 2014. Fifteen consecutive subjects, 69.5 ± 8.6 years old, who had been diagnosed idiopathic PD by a neurologist according to the UK Brain Bank Parkinson's criteria were included in the study. 8 The healthy control group consisted of 15 consecutive subjects from the same rehabilitation facility between the ages of 67.5 ± 10.2 years. Subjects underwent subjective and physical examination conducted by a physical therapist with 12 years of experience in treating musculoskeletal disorders. All subjects were independent in ambulation and did not use an assistive device. 1 All subjects followed their normal medication regimen during testing and the functional evaluation. None of the subjects exhibited dyskinesias. Subjects were excluded if they had parkinsonian disorders as progressive supranuclear palsy, Shy-Drager syndrome, corticobasal degeneration, secondary parkinsonism, familial parkinsonism, a history of dementia as reported by the family or caregiver, or if they were unable to stand unassisted for 5 minutes without an assistive device. In addition, the subjects demonstrated the ability to follow simple instructions, as determined by their responses to questions and instructions. This was assessed during the medical visit and consent process. Exclusion criteria included previous surgical intervention of the hand or the forearm, corticosteroid injection, physical therapy intervention within 6 months prior to the onset of the study, multiple pain diagnoses of the upper extremity, deQuervain's tenosynovitis, shoulder pathology, cervical radiculopathy, evidence of systemic illness (RA, psoriatic arthritis, systemic lupus erythematosus), or any degenerative or non-degenerative neurological conditions.
Procedure
All subjects performed a standardized warm-up that consisted of two to three preliminary trials for familiarization with the recording procedure and instrumentation, followed by a 10-minute rest period so that maximal grip strength would not be impacted by the preliminary trials. Testing took place between the hours of 9:00 am and 11:30 am. A portable Jamar Hydraulic Hand Dynamometer (Fabrication Enterprises, Inc., Elmsford, New York) was used for handgrip strength measurement in kilograms. The test was performed in the sitting position with the shoulder of tested arm adducted to the side, the elbow flexed at 90°, and the forearm and wrist were positioned in neutral position. The second handle setting of the dynamometer was used in this study. 7 The testing protocol consisted of 3 pain-free maximal isometric contractions, held for 3 seconds, performed in a row with both hands, with a 1-minute pause between measurements. Participants were instructed to squeeze the dynamometer as firmly as possible without eliciting pain. Pain was assessed using the verbal analog scale during the testing procedure. If the subject reported pain during testing, the test was re-administered with instruction to stop squeezing before the onset of pain. Each participant performed 3 pain-free maximal isometric contractions on each hand on 2 occasions, 1 week apart. The mean of these 3 trials was used for data analysis.
Data Analysis
Data were analyzed using SPSS version 21.0 (SPSS Inc., Chicago, Illinois). The results are expressed as means, standard deviations, and/or 95% confidence intervals. Testretest data were analyzed using the intraclass correlation coefficient (ICC). ICC values that are equal or greater than 0.80 are considered high. 13 We calculated ICC for single measures using a 2-way random effect model of absolute agreement for the computation of ICC. To assess the absolute reliability, the standard error of measurement (SEM) and the 95% limits of agreement (LOA) were calculated by means of the following equation: SEM = SD × √1 − ICC, and LOA = inter-trial mean difference ± 1.96 SD of the between-trial difference. The SEM expresses measurement error in the same units as the original measurement, and it is not influenced by variability among patients. The inter-trial agreement was also examined graphically by plotting the difference between test and retest against their mean, according to the Bland and Altman approach to calculate LOA. 2 Agreement between 2 methods of measurement can be inappropriately assessed using correlation that assesses the relationship of the measurements on a straight line. The LOA calculation plots the differences between test and retest against their mean on both a horizontal and vertical axis. The plot enables a visual inspection of the association between the difference in measurements and the magnitude of grip strength.
Results
Demographic and Clinical Data of Participants
Between June 2014 and October 2014, 15 patients (7 males, 69.5 ± 8.6 years old) who presented with idiopathic PD satisfied all the eligibility criteria and agreed to participate in the study. Fifteen subjects, healthy controls (6 males, 67.5 ± 10.2 years old) were also included. No participants dropped out during the different phases of the study, and no adverse effects were detected after the application of the measurement. None of the participants began drug therapy during the course of the study. The results indicated non-significant differences between test and retest handgrip strength values (see Table 1 ).
Test-Retest Reliability
The relative reliability between test and retest was very high. Test-retest reliability was calculated to be for the PD dominant hand (ICC = 0.97; P = .001) and non-dominant hand (ICC = 0.98; P = .001) as well as between the dominant (ICC = 0.99; P = .001) and non-dominant (ICC = 0.99; P = .001) hand of the healthy subjects. For both the PD and healthy groups, the ICC between test and retest reliability was high for the dominant hands and the non-dominant hands and ranged between 0.92 and 0.99 (see Figures 1  and 2 and Tables 2 and 3 ).
Discussion
Our study demonstrated that maximum handgrip strength could be measured reliably, using the Jamar hand dynamometer, for subjects with PD. In this study, test-retest reliability was excellent for the PD dominant hand (ICC = 0.97; P = .001) and non-dominant hand (ICC = 0.98; P = .001). These findings are in agreement with the previous studies that demonstrated excellent test-retest reliability for the evaluation of one trial of grip strength in symptomatic persons and populations with painful conditions. 5, 9, 11, 15 The SEMs in this study were small, and the mean was 0.046 kg for grip with the dominant and non-dominant hand of the PD group. This is similar to small SEM values reported in a study of a population with RA. 9 Clinically, this implies that a change as small as ±0.092 kg (2 SEM) is indicative of a true change in pain-free grip strength in subjects with PD. 1 This information indicates that changes in grip strength of patients with PD can be accurately and reliably measured with a Jamar dynamometer. The clinician can determine whether change in physical capacities has occurred.
We found that the mean grip strength of the PD population was 23.89 kg for the non-dominant hand and 24.81 kg for the dominant hand in our population that ranged in age from 50 to 90 years. It has been reported that mean grip strength for adults between the ages of 50 and 75+ ranged from 16.4 kg to 30.9 kg. 3 The values that we found fall within this range.
Future research is necessary to determine the relationship between handgrip strength as a predictor of health status in this population and to further determine grip strength values that indicate poor health.
Limitations
We did have a variety of ages represented in our study, but we did not stratify the data from different age groups and calculated the differences between groups using the entire sample.
Conclusions
The results of our study indicate that reliable grip strength testing of subjects with PD can be performed with the Jamar dynamometer if the Jamar is calibrated properly and standardized testing procedures are followed. Grip strength note. The central line characterizes the mean difference between test and retest values; the upper and lower lines characterize the upper and lower 95% limits of agreement (LOA = inter-trial mean difference ± 1.96 SD of the inter-trial difference), respectively. PD, Parkinson disease; LOA, limits of agreement. Table 3 . Mean (SD) for Outcomes at All Study Visits for Each Group, Mean (SD) Difference Within Groups, and Mean (95% CI) Difference Between Groups.
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